Even though atherosclerotic cardiovascular disease (ACVD) is the number one cause of death in the United States, the effects of environmental toxicants on this process are less well studied than the effects of chemicals on the second leading cause of death, cancer. There is considerable epidemiological evidence that workers exposed to carbon disulfide (CS 2 ) have increased rates of ACVD, and there is conflicting evidence of the atherogenic potential of CS 2 from animal studies. Chemical modification, such as oxidation of low-density lipoproteins (LDL), is tightly associated with increased LDL uptake by macrophages and the development of arterial fatty streaks. CS 2 has been previously demonstrated to modify several proteins in vitro including LDL, and others in vivo through derivatization and covalent cross-linking. To investigate both the capacity of CS 2 to induce arterial fatty deposits by itself, and its ability to enhance the rate of fatty deposit formation induced by a western style, high fat diet, groups of 20 female C57BL/6 mice were exposed to 0, 50, 500, or 800 ppm CS 2 by inhalation. Half the animals in each group were placed on an atherogenic high fat diet and half on a control diet (NIH-07). Animals were sacrificed after 1, 4, 8, 12, 16, or 20 weeks of exposure, and the rates of fatty deposit formation under the aortic valve leaflets were evaluated. Exposure of mice on the control diet to 500 and 800 ppm CS 2 induced a small but significant increase in the rate of fatty deposit formation over non-exposed controls. A more striking result was observed in the animals on the high fat diet. There was marked enhancement of the rate of fatty deposit formation in mice exposed to 500 and 800 ppm over the animals on the high fat diet alone. In addition, there was a small but significant enhancement in mice exposed to 50 ppm over the rate of fatty deposit formation induced by the high fat diet alone. Analysis of erythrocyte spectrin for protein cross-linking revealed a dose-dependent formation of ␣-and ␤-heterodimers in animals on both diets. These data demonstrate that CS 2 is atherogenic at high concentrations, but more importantly, suggest that, in conjunction with other risk factors, CS 2 at relatively low concentrations can enhance atherogenesis.
The epidemic of atherosclerotic cardiovascular disease (ACVD) that has accompanied economic and social development has mainly been associated with various lifestyle risk factors such as smoking and high fat content in the diet. Conditions such as hypertension and diabetes mellitus have also contributed to its incidence (Ross, 1997; Schachter, 1997) . Unlike the investigation of the environmental causes of cancer, in which the carcinogenic potential of over 2000 chemicals has been evaluated (Huff, 1998; IARC, 1998) , much less attention has been paid to the atherogenic potential of environmental toxicants (Kurppa et al., 1984) . Now that more information is available about the basic molecular mechanisms involved in the development of atherosclerosis, it is possible to determine if certain toxicants may modify one or more of these basic mechanisms, thus influencing the development of atherosclerosis.
One of the best correlations between a risk factor and the development of atherosclerosis is the level of serum lowdensity lipoproteins (LDL); the higher the LDL level, the higher the rate of ACVD (Hamilton, 1997 ). The first recognizable lesion of atherosclerosis in the arterial wall is the development of fatty streaks composed of lipid laden foam cells in the intima (Ross, 1997) . These foam cells are mainly cells of the monocyte/macrophage lineage that have taken up large quantities of LDL (Ross, 1997) . Interestingly, macrophages have a very low capacity to bind and take up native LDL, but have a very high capacity to take up LDL that has been chemically modified by acetylation or oxidation (Goldstein et al., 1979; Van Berkel et al. 1995) .
Oxidation of LDL yields a complex mixture of compounds including oxidized lipid and protein products (Hoff and Hoppe, 1995; Steinberg, 1997; Kanazawa et al., 1996) . Several compounds generated by lipid oxidation, such as malondialdehyde and 4-hydroxynonenal, avidly react with amines and thiols and have the capacity to cross-link proteins. Thus, chemical crosslinking of the protein moiety in LDL by reactive products of lipid oxidation has been hypothesized to enhance the uptake of LDL by macrophages (Kreuzer et al., 1997; Muller et al., 1996) . Whether environmental toxicants that have the capacity to cross-link proteins might enhance the development of atherosclerosis is currently unknown.
Carbon disulfide, a chemical used in the manufacture of viscose rayon and cellophane, is released from dithiocarbamate pesticides, and is a metabolite of the anti-alcohol drug disulfuran (Johnson et al., 1996) . Toxicity of CS 2 in humans was recognized in the mid-19th century in rubber vulcanization workers, and later in rayon workers (Davidson and Feinlab, 1972; Vigliani, 1954) . Acute symptoms include euphoria, manic delirium, and convulsions (Viglani, 1954) . Chronic exposure in both humans and animals leads to a distal axonopathy resulting in sensory loss and severe limb weakness. The morphological changes in chronic intoxication by CS 2 consist of prenodal axonal swellings, filled with neurofilaments in the distal segments of the longest axons in the central and peripheral nervous systems (Gottfried et al., 1985; Sills et al., 1998) . It has recently been shown that chemical cross-linking of neurofilaments occurs in rats exposed to CS 2 and this has been proposed as the major mechanism of CS 2 neurotoxicity (Valentine et al., 1997) .
While considerable attention has been focused on CS 2 -induced mediated axonal swelling, several epidemiological studies have also suggested a significant increase in deaths from ACVD in rayon workers exposed to CS 2 compared to nonexposed controls, especially those exposed to high concentrations (Frumkin, 1998; MacMahon and Monson, 1988; Swaen et al., 1994; Sweetnam et al., 1987; Tiller et al., 1968; Tolonen et al., 1975) . Other studies have shown no increased risk of death from ACVD in workers exposed to CS 2 (Vertin, 1978; Franco et al., 1982) . One study in rats and another in rabbits suggested that CS 2 may work in concert with an atherogenic diet to induce atherosclerosis (Wronska-Nofer et al., 1978 , 1980 , but another similar study in rabbits was negative (Van Stee et al., 1986 ). The current regulated exposure level for CS 2 is 10 ppm (ACGIH, 1993) , but it has been suggested from a full review of available data that 15-20 ppm is a safe regulatory exposure level (Price et al., 1997) .
We chose to investigate CS 2 as a model compound for studying the induction of atherosclerosis by chemicals of environmental concern, because: (1) it has been shown to produce disease by protein cross-linking, (2) there is considerable epidemiological evidence suggesting that CS 2 exposure enhances ACVD in humans, and (3) preliminary evidence in animals suggests that it may enhance atherosclerosis. We report here that in a time-and dose-dependent manner, exposure of atherosclerotic-resistant C57BL/6 mice to CS 2 directly induced early lesions of atherosclerosis, and more importantly, greatly enhanced arterial fatty deposits induced by a high fat diet.
MATERIALS AND METHODS
Animal model. The C57BL/6 mouse model was used because it is a well-established model in the study of genetic and molecular mechanisms involved in the atherosclerotic process (Boisvert et al., 1995; Ishida et al., 1991; Purcell-Huynh et al., 1995; Stewart-Phillips et al., 1988; Zhang et al., 1994) . These mice are resistant to the development of atherosclerosis on standard laboratory chow, but they can be induced to develop fatty deposits under the aortic valves by a high fat diet containing 50% sucrose, 15% fat (coca butter), 1% cholesterol, and 0.5% sodium cholate (Nishima et al., 1990) . Thus, testing can be performed approximating human populations that contain groups of individuals with varying susceptibility to atherosclerosis, due to both genetic and life style differences.
Exposures. Nine-to 10-week-old female C57BL/6 mice (Harlan, Indianapolis, IN) were acclimated for 10 -14 days after arrival. During acclimation, mice were implanted with transponders, weighed, and randomized by weight to treatment groups. Mice were placed in the exposure chambers without food 6 h/day for 3 days prior to chemical exposure for acclimation to the exposure conditions. Individual body weights were recorded for all animals during the chamber acclimation and weekly thereafter. Mice were observed twice daily (once in the early morning and once in the late afternoon, at least six h apart, including holidays and weekends) for signs of morbidity/mortality. Individual animal clinical observations were documented for all mice at the time of each weighing.
CS 2 (Aldrich Chemical Co., Milwaukee, WI; purity Ͼ99%) was vaporized, mixed with conditioned air (HEPA-filtered, charcoal-scrubbed, temperature and humidity controlled), and delivered to the chambers at nominal concentrations of 50, 500, or 800 ppm. The concentration of CS 2 in each Hazleton 1000 exposure chamber (Lab Products, Maywood, NJ) was monitored with Fourier Transform Infrared Spectrophotometers (KVB Analect, Irvine, CA) equipped with 20-meter gas cells. Exposure-concentration readings were acquired every 1.5 min in the 3 chambers and once every 15 min in the control chamber, exposure room, and at the exhaust to the effluent scrubbers. Actual chamber concentrations of CS 2 were within 3% of the target concentrations during the study.
Groups of 20 mice were exposed to either 0, 50, 500, or 800 ppm CS 2 by inhalation for 6 h/day, 5 days/week, for up to 20 weeks. Half of each group (n, 10) were fed the standard NIH-07 diet (control diet) and the other half an atherogenic high fat diet (Nishima et al., 1990) . Mice assigned to the high fat diet group were placed on that diet immediately after the first CS 2 exposure. Control mice were exposed to filtered, conditioned air according to the same schedule as CS 2 -exposed mice. Mice were individually housed in Hazleton 1000 inhalation exposure chambers for the duration of the study. Water and food were provided ad libitum; however, food was removed during the 6-h exposures and for 6 h/day on non-exposure days.
Subgroups of mice were sacrificed after CS 2 exposure for 1, 4, 8, 12, 16, or 20 weeks. On the morning after the last exposure, 10 mice from each dose/diet group were anesthetized with CO 2 :O 2 (70:30) and blood was collected from the retroorbital sinuses into heparinized tubes. Immediately after the collection of blood, the mice were euthanized by CO 2 asphyxia and tissues harvested.
Spectrin cross-linking. Spectrin was selected as a biomarker for plasma protein cross-linking: because (1) it is present in significant amounts in the small amount of blood that can be obtained from mice; (2) it can be analyzed as a purified protein of consistent molecular weight, unlike the heterogeneous mix of lipoproteins contained in LDL; (3) it has been previously demonstrated to be an excellent biomarker for protein cross-linking in the rat following sub-chronic exposure to CS 2 (Valentine et al., 1997) ; and (4) the kinetics of formation during in vivo exposure to CS 2 have also been established in the rat (Valentine et al., 1997 ). The time points tested for spectrin cross-linking (8 weeks of exposure for animals on control diets and 16 weeks of exposure for animals on the high fat diet) were chosen because previous studies in rats demonstrated that spectrin cross-linking had reached plateau levels by 4 weeks of inhalation exposure to the same concentrations of CS 2 (Valentine et al., 1997) , and adequate amounts of spectrin for definitive measurements were obtained in these samples.
Blood from all mice of each exposure/diet/time group to be tested was pooled, because there were insufficient amounts of blood from individual mice. Spectrin was purified from isolated erythrocytes as described previously (Genter-St. Clair et al., 1988) and the supernatant containing the spectrin was lyophilized and kept at Ϫ70°C until analysis by denaturing polyacrylamide gel electrophoresis (SDS-PAGE).
Lyophilized spectrin samples were dissolved in 500 l of water and aliquots were diluted 1:1 with sample buffer (pH 6.8) containing 1% sodium dodecyl sulfate, 2% dithiothreitol, 0.125 M TRIS, and 20% glycerol. The covalent cross-linking of erythrocyte spectrin was evaluated using electrophoresis on 4% homogeneous polyacryamide gels according to the method of Laemmli (1970) . Silver staining was used to visualize the protein bands. Monomeric and dimeric spectrin levels were estimated using a BIO-RAD GS-700 imaging spectrophotometer and molecular analysis software, and the quantity of dimer expressed as a percentage of monomer plus dimer.
Evaluation for atherosclerosis. Hearts were evaluated for fatty deposits beneath the aortic valve leaflets by a modification of a previously described method (Paigen et al., 1987) . Briefly, hearts were transected transversely just below the mitral valve. The top portion of the heart was then oriented in a cryostat such that serial sections could be taken while proceeding toward the aortic valve. Once the first aortic valve cusp was seen, every other section was taken until all 3 valve cusps were completely sectioned through. The sections were then stained for fat with oil red O and counterstained with hematoxylin. Figure 1 depicts a section containing 2 of 3 aortic valve leaflets stained with hematoxylin and eosin (H and E) (Fig. 1A) and a serial section stained with oil red O (Fig. 1B) . One valve (box insert) has a large oil red O-positive fatty deposit. The other valve (arrowhead) has a very small deposit. Close-ups of the boxed area in Figure 1A showing the large fatty deposit in H and E and oil red O are shown in Figures 1C and 1D , respectively. There is lipid within foam cells (1) and deposited in the interstitium (*).
FIG. 1.
Photomicrographs of the aortic valves of a mouse exposed to 20 weeks of CS 2 and a high fat diet. H and E stain in A and C. Oil-red oil stain of a serial section, B and D. One valve (box insert) contains a large fatty lesion and the other (arrowhead) has a smaller one. Figures 1C and 1D are higher magnifications of the boxed area stained with H and E and oil-red O, respectively. Foam cells (1); interstitial fat deposits (*).ϫ48 (A and B) and ϫ190 (C and D).
Fatty deposits under the aortic valve leaflets were assessed for severity, which depended on length and height of the deposit. Because of the large number of animals in this study (480 at the beginning of the study), and the large number of serial sections required to evaluate each heart, we devised the following method, which allowed rapid estimation of the relative severity of the fatty deposits in arbitrary units. The arterial wall under the valve was divided into 10 equal segments and each segment assigned a value of 0.1. The distance above the arterial wall was divided into 4 zones of increasing height, and each of these zones was further divided in half and assigned values of 0.5-4.0 (Fig. 2) . A lesion score was determined by using the section showing the lesion at its largest and multiplying the length of the lesion along the arterial wall by the height in zones yielding scores of 0.0 -4.0. A score 0.0 represents no oil red O-staining material. A 0.5 lesion, for example, could be an oil red O-staining area that stretched across the whole length of the arterial wall under the valve leaflet (1.0), the height of which was confined to one half of zone one (0.5), or it could be a lesion that had a height reaching to zone one (1.0), that stretched across 50% of the length of the arterial wall under the valve leaflet (0.5). Figure 3 shows valve leaflets with lesion grades corresponding to 0, 0.5, 0.1, and 1.1 in Figures 3A, 3B, 3C , and 3D respectively. The valve leaflet with the larger lesion in Figure 1B was assigned a score of 2.4. Slides were read blindly by 2 independent reviewers, and positive lesions were confirmed microscopically (also blindly) by a board-certified veterinary pathologist.
Analysis of data. The data used to characterize arterial fatty deposits consist of a mean lesion score for the 3 leaflets of the aortic valve, for each heart examined. The rate of fatty deposit accumulation over the 20 weeks of exposure to CS 2 was estimated using linear regression methods (Steel, Torrie, and Dicky, 1997) . For each combination of diet and CS 2 concentration, the increase in the mean aortic valve score per week over the course of the 20-week experiment was estimated as the slope of the least-squares regression line describing a linear relationship between mean valve score and week of exposure. Linear regression lines were fit to the observations, assuming an intercept at zero, which implies that mean valve score was zero at the beginning of the study. This assumption is supported by our own data and previous observations that C57BL/6 mice, at 11-12 weeks of age, on standard laboratory mice feed exhibit essentially no fatty deposits under the aortic valve leaflets (Paigen et al., 1987 , Nishima et al., 1990 . Differences in the rate of fatty deposit accumulation (slope) between the control CS 2 exposure (0 ppm) and higher concentrations of CS 2 were tested using a t-test, which was also used to test for difference in slope between CS 2 control groups on the NIH-07 and high fat diets. For all t-tests for equality of slope, the square root of mean valve score was used to reduce potential effects of variance heterogeneity on hypothesis tests.
Comparisons of body weights utilized one way ANOVA, DunnettЈs multiple comparison test (Steel, et al., 1997) .
RESULTS

Body Weight and Mortality
Animals exposed to 800 ppm CS 2 on the control diet had small but significant decreases in body weight gain relative to chamber controls, following 4, 8, 12, and 16 weeks of exposure (Table 1) . At 1 week of exposure to 800 ppm CS 2 , the animals on the high fat diet had a 16% loss in weight (Table 1) . This corresponded to the death of 21 animals in this group during the first week of exposure. Necropsies failed to disclose the cause of death, but it is known that the high fat diet employed in these studies has a profound effect on the liver (Nishima et al., 1990) . The simultaneous insult from the diet and a xenobiotic that also must be cleared in part by the liver could have been too great a metabolic load for some of the animals not yet acclimated. After this initial large weight loss and mortality, the animals on the high fat diet acclimated. Although the weights remained significantly lower than the non-exposed controls (Table 1) , there were only 3 subsequent deaths, and these were confined to the 500-ppm group. Animals on the control diet had only 5 deaths overall, and these were dispersed over the dose range and over time.
Induction of Atherosclerosis
Minimal atherosclerosis was observed in the 0-ppm dose group on the control diet, and this was seen only in the older animals at 20 weeks (Fig. 4) . The addition of the high fat diet alone caused a significant increase (p ϭ.001) in the rate of 
FIG. 4.
Effect of a high fat diet alone on the rate of development of fatty deposits under the aortic valve leaflets. Measured in arbitrary units as described in Materials and Methods. Control diet (F); high fat diet (}).
atherosclerosis over that of controls (Figure 4 ) as expected from previous observations (Nishima et al., 1990; Morrisett et al., 1982) . Exposure of animals to CS 2 on the control diet induced a significant increase in the rate of fatty deposit at concentrations of 500 ppm (p, .0096) and 800 ppm (p, .001) (Fig. 5, Table 2 ). No significant differences were observed at 50 ppm (p, .57). Exposure of mice on the high fat diet, however, induced significant increases in the rate of fatty deposit formation at 50 ppm (p, .0018), 500 ppm (p, .0001), and 800 ppm (p, .0001) (Fig. 6, Table 2 ). Quantitatively, the mean valve scores were much higher in the animals exposed to the high fat diet and CS 2 compared to those exposed to CS 2 and the control diet (Figs. 5, 6 ).
Spectrin Cross-Linking in Vivo
Figure 7 depicts SDS-PAGE analyses of red blood cell spectrin from animals on the high fat diet exposed to 0, 50, 500, and 800 ppm of CS 2 for 16 weeks, and those on control diet similarly exposed for 8 weeks, respectively. Animals exposed to CS 2 had a dose-dependent increase in appearance of ␣-and ␤-heterodimers migrating at approximately 410 kDa, as previously observed in rats exposed to CS 2 by inhalation (Valentine et al., 1997) . Densitometric scanning of the gels indicated that for animals exposed for 8 weeks on the control diet, 2.1, 5.0, 11.3, and 10.6% of the spectrin migrated as dimers in animals exposed to 0, 50, 500, and 800 ppm CS 2 respectively. For animals exposed for 16 weeks on the high fat diet, the values were 1.3, 2.4, 6.7, and 8.4%, respectively.
DISCUSSION
These data clearly indicate that exposure of C57BL/6 mice to CS 2 induces early lesions of atherosclerosis and greatly enhances arterial fatty deposits induced by a high fat diet. Exposure to CS 2 and the nonatherogenic control diet induced fatty deposits only at very high doses (800 and 500 ppm), but when animals were placed at high risk for atherosclerosis by exposure to a western style high fat diet, fatty deposits were significantly enhanced by exposure to just 50 ppm. This concentration is only 5 times the regulated exposure maximum for humans of 10 ppm (ACGIH, 1993) . While cross-species correlations cannot be directly drawn from these data, they do suggest that certain human subpopulations who have high levels of LDL, either by genetic causes or through behavioral risk factors, may be at considerable risk from exposure to low concentrations of CS 2 or other chemicals that have the capacity to cross link proteins. Consequently, if such low concentrations are considered to have potential risk, exposures to CS 2 in settings other than the work place, such as that derived from dithiocarbamate pesticides and pharmaceuticals such as disulfuram, should be evaluated.
The exact mechanism by which CS 2 caused and enhanced these early lesions of atherosclerosis cannot be determined from these data. We do have correlative data suggesting protein cross-linking may be involved. Erythrocyte spectrin was used as the sentinel protein to detect cross-linking and was cross-linked in a dose-dependent manner, demonstrating that cross-linking was occurring systemically in the blood of the exposed animals. Previous studies in the rat suggested that, during sub-chronic exposure to CS 2 , there was a cumulative dose response and temporal relationship between cross-linking of spectrin and neurofilaments, suggesting that spectrin dimer formation was reflective of other pathogenic mechanisms occurring during CS 2 exposure (Valentine et al., 1997) . In vitro studies have shown that LDL incubated in solution with CS 2 has an increased electrophoretic mobility due to decreased free amino groups, and CS 2 -modified LDL was recognized by the scavenger receptor on macrophages and taken up to a greater extent than native LDL (Laurman,et al., 1989) . Chemical modification of LDL during in vivo exposure to CS 2 remains to be established.
Studies with rats have shown an increase in serum cholesterol concentrations with exposure to CS 2 and also with coexposure to CS 2 and a high fat diet (Laurman and WronskaNofer, 1986; Wronska-Nofer et al., 1980) . Serum cholesterol levels were not measured in these studies, but we believe that any additional increases in serum cholesterol induced by exposure to CS 2 had minimal effects on fatty deposit formation. This is because the increase in serum-cholesterol concentration induced by the high fat diet used in these studies in C57BL/6 mice is massive (Boisvert et al., 1995; Ishida et al., 1991; Purcell-Huynh et al., 1995; Stewart-Phillips et al., 1988; Zhang et al., 1994) . The additional increases in serum cholesterol induced by CS 2 in the rat studies, while significant, were marginal when compared to the high serum-cholesterol concentrations induced by the high fat diet alone over the rats on the control diet (Wronska-Nofer et al., 1980) . Our data clearly demonstrate that exposure to CS 2 of mice on the high fat diet induced a much greater increase in levels of fatty deposits over mice on the high fat diet alone (Fig. 6) , and than exposure to the high fat diet alone compared to mice on the control diet alone (Fig. 4) . If increase in cholesterol was the major variable, one would expect the greatest increases in fatty deposits to occur with the greatest increases in cholesterol. This strongly suggests that exposure to CS 2 is the major variable, possibly working by mechanisms suggested above.
There have been 3 previous animal studies investigating the atherogenic potential of CS 2 : 2 in rabbits and 1 in rats (Van Stee et al., 1986; Wronska-Nofer et al., 1978 , 1980 . WronskaNofer et al. demonstrated a potentiation of aortic fatty deposits by exposure to CS 2 in both rabbits and rats but Van Stee et al. (1986) observed no potentiation in rabbits. Both rabbit studies were conducted at a single concentration (1mg/L or ϳ319 ppm) for either 10 or 12 weeks of exposure. The rat study investigated a single concentration (319 ppm) for two extremely long periods of exposure, 6 and 10 months. The atherogenic diets in the rabbit studies consisted of daily administration of 0.1g/kg cholesterol (Wronska-Nofer et al., 1978) or ad libitum ingestion of a 2% cholesterol diet (Van Stee et al., 1986) . The diet in the rat study was ad libitum ingestion of a 2% cholesterol diet. No conclusive explanation was given for the different results obtained in the two rabbit studies other than that different strains of rabbits were used and FIG. 7. Effect of CS 2 exposure and diet on cross-linking of erythrocyte spectrin. SDS-PAGE of erythrocyte spectrin preparations obtained from mice on a high fat diet exposed to CS 2 for 16 weeks (A) or mice on control diet exposed to CS 2 for 8 weeks (B). Pooled samples from control, 50-ppm, 500-ppm, and 800-ppm exposure groups are shown in lanes 1-4, respectively. M is the molecular weight marker. ␣,␤-Heterodimers are seen as higher molecular weight bands migrating at approximately 410 kDa.
the rabbits in the negative study had ingested approximately 4 times more cholesterol than had been administered to the rabbits in the positive study. This raises the possibility of strain differences in susceptibility to atherosclerosis, as has been observed in the mouse (Morrisett et al., 1982; Stewart-Phillips et al., 1988) , or that an enhanced atherogenic effect of increased cholesterol consumption raised the background level of atherosclerosis so high that the effects of the CS 2 were not noticeable. The present study employed a mouse model that is well established, exposed animals to multiple doses, assayed at multiple times, and used large numbers of animals (10 per exposure/diet group). Consequently, we were able to determine and compare the effects of dose, duration of exposure, and diet on the rates of fatty deposit formation. Our present data demonstrate a highly significant enhancement of atherosclerosis by CS 2 under both resistant and susceptible conditions. In addition, this study adds a third animal species that develops enhanced rates of atherosclerosis in response to CS 2 , and demonstrates that CS 2 alone, albeit at high concentrations, is atherogenic.
In summary, these studies have shown that high doses of CS 2 can induce the early lesions of atherosclerosis. The combination of a major risk factor for ACVD, a high fat diet, and exposure to CS 2 significantly enhanced the rate of development of atherosclerosis, even at concentrations as low as 50 ppm. These data support the hypothesis that CS 2 modification of LDL may be atherogenic and suggest the need for more detailed analyses of the exact chemical reactions between CS 2 and LDL, and the biological consequences of those products.
